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Abstract 

We obtain bounds for the mass of the extra neutral gauge boson, 
Z' , predicted by two versions of SU(3)c X SU(3)l x U(1)x model, 
namely one corresponding to its minimal version and another where 
the neutrinos are allowed to have right-handed projection. We explore 
y/s from 0.5 TeV to 5 TeV region, that will be accessible in next linear 
colliders (ILC and CLIC). We used the process e + + e~ — > / + + f~ , 
with / = \i , c and b to obtain the energy dependent lower bounds 
for Mz 1 , within 95% C.L., by performing a x 2 fit °f the difference 
between the final lepton angular distribution calculated from the SM 
and that predicted by the 3-3-1 models, for a zero mixing angle. In 
addition we show that, as the angular distributions depends on Z' 
couplings, the obtained bounds allow one for disentangle the studied 
models. Finally, using the model with right-handed neutrinos, we 
calculate the total cross section for e + + e~ — > e + + e~ + e + + e~ . We 
concluded that Z' contribution is very small when compared with the 
bilepton contribution of the minimal version and with the SM cross 
section. 
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1 Introduction 



The Standard Model (SM) of strong and electroweak interactions is extremely 
successful . Its predictions from calculations both at tree level as higher order 
corrections are consistent with all available experimental data. However, as 
the new colliders generation will explore TeV energy regime, there exists the 
possibility of new findings. High-energy e + e~ linear colliders will complement 
and specify the probes tested in the future pp collider (LHC). The common 
analysis of linear and hadron colliders will probably show the existence and 
properties of new particles and then select what are the models beyond the 
Standard one that can explain the new results. On the other hand, the 
theoretical extensions of the SM are motivated by attempting to understand 
features that are accommodated in the SM but not totally explained by it. 
The new energy scale, to be explored in future accelerators, calls for some 
SM extensions or alternative models. Many proposed models predict the 
existence of an extra heavy neutral gauge boson, Z'. These include: 3- 
3-1 models [U 121 El E], little Higgs model left-right symmetric models 
jH], superstring inspired E6 model [7j and models with extra dimensions as 
Kaluza-Klein excitations of neutral gauge bosons jH]. 

The search for limits on Z' unknown properties: mass, width, mixing angle 
and on its couplings with ordinary matter are both direct and indirect [D]. 
Certainly the best possibility to get direct information on its parameters 
corresponds to the case when the energy of the collider is ^/s ~ Mz>- On 
the other hand, the indirect determination of Z 1 properties, occurs when 
\fs < Mz>- Since high energy observables are yet predicted from well known 
SM parameters, the information about Z' can be extracted from differences 
between SM predictions and experimental measurements. 
Indirect information on new particles are related to deviations from SM data 
on observables, by their contributions to electroweak vacuum polarization 
diagrams. Vacuum polarization affects weak observables by modifying the 
gauge boson propagators, and are called oblique corrections. At present, 
oblique radiative parameters S, T, and U can be used to indicate the effects 
of the new physics jTDJ. However it have been argued that, in effective theories 
of the SM, modifications of trilinear gauge boson couplings combined with 
higher dimensional operators describing fermion gauge boson couplings, are 
equivalent to oblique contributions from new physics [TT] . 
Our aim is to determine lower bounds for extra neutral gauge boson by a 
method that takes into account the interaction dynamics involved. In order 
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to access the dynamics due to the existence of Z 1 boson, predicted by two 
versions of 3-3-1 model, and to obtain new bounds, we have used a specific 
reaction. We study fermion pair production by considering Z' contribution 
besides SM 7 and Z exchanges in e + e~ collisions at ILC ^2] and CLIC 
[TB*] energies. We explore the range Mz 7^ < M^, for which the SM 
parameters are already precisely known, and we consider the basic process: 
e + + e~ — > / + / where / are muons, and quarks c and b. 
To obtain the lower bounds for Z' mass at 95% C.L., we perform a \ 2 fit °f 
the differences between the SM and 3-3-1 models calculations for the angular 
distribution of one final fermion relative to the initial fermion direction. In 
order to have realistic results, we consider experimental cuts concerning the 
detector acceptance. 

In the next section we summarize the relevant aspects of two versions of 3- 
3-1 model. In section III we present our results for energy dependence lower 
bounds on Z 1 mass and e + + — > e + + e~ + e + + e~ cross section. Finally, 
section IV presents our conclusions. 



The 3-3-1 models are gauge theories with a largest group of symmetry than 
SM. They are based on the semi-simple gauge group SU(3)c <8> SU(3)l (g> 
U(l)x and, as a consequence, they contain new fermions, scalars and gauge 
bosons. These particles are until now not experimentally observed, but its 
existence can lead to interesting signatures. An important motivation to 
study 3-3-1 models is that the predicted new particles are expected to occur 
at energies near the breaking scale of the SM. 

This model offers an explanation of flavor by anomaly cancellation. The 
model requires that the number of fermion families be a multiple of the 
quark color number. Knowing that QCD asymptotic freedom condition, is 
valid only if the number of families of quarks is to be less than five, one 
concludes that there are three generations. This offers a possible issue for 
the flavor problem. 

The electric charge operator is defined in the 3-3-1 model as 



where T3 and T§ are two of eight generators satisfying the SU (3) algebra 
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Q = T 3 + (3T 8 + XI 



(1) 



[Ti ,Tj] = ifij, k Tk i, j, k = 1..8, 



(2) 
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/ is the unit matrix and X denotes the U(l) charge before the symmetry 
breaking. 

Electric charge operator determines how the fields are arranged in each rep- 
resentation and depends on (3. Among the choices, (3 = —a/3 corresponds 
to the minimal version of the model, largely explored in phenomenological 
applications. The choice [3 = — 1/\/3, which avoids exotic charged fields, 
leads to a model with right-handed neutrinos. In the following subsections 
we present the main characteristics of these models. 

2.1 Model I 

In its minimal version, with (3 = —\/3 PIE], the model has five additional 
gauge bosons beyond the SM ones. They are: a neutral Z' and four heavy 
charged bileptons, Y ±zil , V ± with lepton number L = =p2. We display below 
the lepton content of each generation (a = 1 ... 3): 

Vat = (*>« 4 ~ (1,3,0), (3) 

4n,~ (1,1,-1), £r ~ (1,1,1), (4) 

where t c a is the charge conjugate of £ a (e, /x, r) field. Here the values in 
the parentheses denote quantum numbers relative to SU(3)c, SU{2)l and 
U(l)x- 

Two quark families (m = 1, 2) and the third one are accommodated in 
SU(3)l anti-triplet and triplet representation respectively, 

QmL = {d m u m j m )l ~ (3, 3*, -1/3) , Q 3L = {u 3 d 3 J) T L ~ (3, 3, 2/3) (5) 

u aR ~ (3,1,2/3) , d aR ~ (3,1,-1/3), 
J R -(3,1,5/3) , j mR ~ (3, 1,-4/3), (6) 

ji, ]2 and J are exotic quarks with respectively —4/3, —4/3 and 5/3 units of 
positron charge and a = 1,2,3. 

The minimum Higgs structure necessary for symmetry breaking and that 
gives quarks and leptons acceptable masses are: 

V = {v°Vlvt) T ~ (1,3,0), 
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p = (p + p°p 



++V 



x 
s 



(x X x° 

( <7° 4 K 
h+ H+ + ol 



(1,3,0), 
(1,3,-1) 



(1,6*,0), 



(7) 



where in parenthesis are the dimensions of SU(3)c and SU(3)l representa- 
tions and the corresponding U(l)x charges. 

The neutral scalars develop non zero vacuum expectation values (< X >, 
< p >, < rj >, and < S >) and the breaking of 3-3-1 group to the SM are 
produced by the following hierarchical pattern 



SU L (3)®U X (1] 



^SU L {2)®U Y (l) <p ^U e 



The consistency of the model with SM phenomenology is imposed by fixing a 
large scale for the VEV of the neutral x held ( v x ^ v p-> v m v cr)-> with v 2 + v 2 = 
v 2 w = (246) 2 GeV 2 . 

After the breaking, it results a set of gauge bosons: the standard model A, Z 
and W ± and the new gauge bosons Z', V ± and F ±=t . They are expressed 
as a linear combination of W a , a = 1, ..8 and B fields as 



V2 



V2 



, , W*±iWl 
Yt = (8) 



A„ = h(t) 



-1/2 



z ~ 



'(w^-VSW^t + B, 

z; ~ /(f)- 1/2 [wj + V3fs, 

with t = we write = 1 + 4t 2 and /(*) = 1 + 3t 2 . 
The charged gauge boson masses as a function of VEV's are: 



2 + v 2 



Ml = \g 2 (v 2 p + v 2 x ) , My = -g 2 (v 2 + 



(9) 



(10) 



and the neutral gauge boson masses 
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Ml= 0, jj^« + vl), M 2 ,^ ^f(t)vl (11) 
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The VEV's induce Z-Z' mixing. As a consequence the physical states Z\ 
and Zi are related to Z and Z' states by a mixing angle, 

9 Ml -Ml 
ta "" = sfFA|' (12) 

where Zi corresponds to SM neutral gauge boson and Z 2 to the extra neutral 

one. For a small mixing, 9 <C 1, Zi corresponds to Z' . 

The relation between Z' and Y masses |14[ I15j. in the minimal model is: 



M Y My V 3 ~ 12sin ^ 

(13) 



M z > M z < 2 cos 9 W 

From this relation and using sin 2 6yy = 0.23 ^H] the ratio becomes ~ 0.3 so 

that Z' can decays in a bilepton pair. 

The neutral interactions involving leptons follow from 

c nc = _ lrfl ^ _ iM^[£Y (v e + a n 5 ) iz, + ir (v' t + 4 7 5 ) ez'^u) 

4 lV±w 



with vg = —l/h(t), ag. = 1, v'g — —J3/h(t), a' £ = v' e /3, 
Note that for t 2 = 11/6, vg and ag have the same values as the SM couplings. 
One of the main features of the model comes from the relation between the 
SUl(3) and UxiX) couplings, (g'/g = t) expressed as: 

sin 2 6 W 

g 2 1-Asm 2 6 w - [ ' 

that fixes sin 2 9\y < 1/4, which is a peculiar characteristic of this model. 



2.2 Model II 

Another model considered in the present work, corresponds to the choice 
P = — l/v3 in the Eq.(jTJ) and adds an anti-neutrino to each SU(2)i SM 
lepton doublet to form a SU(3)l triplet |3] 

*aL = (*>«, e os vf) T L ~ (1, 3, -1/3), e aR ~ (1, 1, -1), (16) 
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where a = 1, 2, 3 is the generation index. 

The two first quark generations (m = 1,2) belong to anti-triplets and the 
third one to triplet representation 

QmL = (d m , u m , d'f L ~ (3,3*,0), Q 3L = (u 3 , d 3 , u' 3 f L ~ (3,3,1/3), (17) 

u Qfl ~(3,l,2/3), d aR ~ (3, 1, -1/3), 

«^ -(3,1,2/3), rfU ~ (3, 1,-1/3). (18) 

For symmetry breaking one introduces three triplets: 

V = (V, V~, V'°) T -(1,3,-1/3), 

P = (p\ P°, P' + Y ~(1,3, 2/3), 

X = (x°, X", X'°) T ~ (1,3, -1/3). (19) 



The model has five neutral scalars. Similarly to Model I, one can consider 
that only three of them develop non zero VEV: = v v / v^2, (p°) = v p j \/2, 
(x' °) = v ' x /^i w ith i> x ^> v p ,v v , in order to reproduce the SM low energy 
phenomenology. 

The consequences to consider more than three non zero VEV are: leptonic 
number violation, Majorana neutrinos mass generation and the existence of 
a Goldstone boson, called Majoron. 

One of the main features of the model comes from the relation between the 
SU L (3) coupling, g, and U x (l) coupling, g' (g'/g = t) expressed as: 

g^_ 2sm 2 9 w 

g 2 l-4/3sin 2 ^' 1 ' 

The gauge bosons are (a = 1...8) in a octet representation of SU(3)l and 
a singlet of U(1) X - The charged and neutral gauge bosons are defined 
from the combinations: 

W± = j— , = = , X° = g _ g- , 21 
" \/2 M ^2 



±= (V3W*-W*)+3B, 
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z ~ 



A'(i)- (1/2 » /'(i)" (1/2) 



V2 11 



// + \-(l/3) 



/'(*) 



(22) 



with i = g'/g, we write fc'(t) = 9 + 2t 2 and f'(t) = 18 + t 2 . 



The charged gauge boson W, V and the neutral X masses as a function of 
VEV's are: 



M 2 w = -/ (y\ + $ , My = \g 2 (v 2 p + vl) , Mi = i, 2 (v 2 + 



and the photon, Z and Z' masses are: 



(23) 



M 2 = 
Ml ~ 



0, 

g 2 h'(t) 

2 f'{t) 



(v 2 + v 2 ) 



Ml, 



54 f'{t) 



h'(t) 2 v 2 p+ (t 2 -9) v 2 + f(t) 2 v 2 x 



(24) 



The relation between Z', V and X masses [T4^ I15j. in right-handed neutrino 
model model is: 



M 



M> 



3-4 sin 2 6 W 



M z > M// 



2 cos 6 



(25) 



which will be used in the present work. From this relation we obtain ~ 0.82 
and we can see that Z' is forbidden to decay in a bilepton pair (VV or XX). 



The neutral interactions involving leptons follow from the Lagrangian 



c nc = _ irf iAii _JL (v e + a a 5 ) £ Z, + £Y (v' e + a' el 5 ) £ Z'\ , (26) 

Cw 



9 r « 



with ve = — i+sin 2 9 W , a t = ~, v' t 
where £ — e, fj,, r. 



vt 



a ( 



3-4 sin 2 6 W 



3-4 sin 2 6 W 
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3 Results 



Several approaches have been used to obtain bounds on Z' mass and mixing 
angle, for some versions of 3-3-1 model. The most explored, among them, 
calculates the oblique electroweak correction parameters (S, T and U) due 
to exotic particles contribution jT3 HHj. Other direct approaches uses the 
experimental results at Z-pole generalized for arbitrary (3 values [THl 1201 EE] 
or the contributions of Z' to neutral mesons (K , D and B) mass difference due 
to the flavor changing neutral current (FCNC) [22 123 121] • The bounds on Z' 
mass were also obtained by considering the energy region were perturbative 
treatment is still valid j2Sl I2E] ■ An indirect method to establish limits on 
Z' mass follows from the relation between Z' and exotic boson masses, and 
it consists in the analysis of exotic boson contribution to the muon decay 
parameters ^3I2Z]- Besides, another model, with lepton families in different 
representations, obtained bounds for Z' mass from fi — >• 3 e [28 . 
In this paper we obtain new bounds on the Z' mass from the collision e + + 
e~ — > f + f, with / = /i, or quark c or b. This process has the advantage 
that, at tree level, it introduces few unknown parameters since there is no 
contribution from bileptons or other exotic model particles. Apart from SM 
contributions (7 and Z), the only new contribution comes from s-channel Z' 
exchange. Another inherent advantage by considering scattering process is 
that it gives energy dependent bounds. On the other hand, the consistence 
of our analysis is based on the choice of two different quark content but with 
the same group representation for both models: two anti-triplets for the first 
and second families and one triplet for the third one. 

Our strategy is to perform a x 2 analysis of the difference between the angular 
distribution of the final fermions relative to the initial beam, predicted by the 
SM , with those from the two versions of the 3-3-1 model. The procedure is as 
follows: supposing that the experimental data for the fermion pair production 
to be described by the SM, we define a one-parameter \ 2 estimator 



where Nf M is the number of SM events collected in the i th bin, Np 1 is 
the number of events in the i th bin as predicted by the considered model, 




(27) 



and ANf M = J (\jNf M ) 2 + (Nf M e) 2 the corresponding total error, which 
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combines in quadrature the Poisson-distributed statistical error with the sys- 
tematic error. We took e = 5% as the systematic error in our calculation. 
We considered the muon, charm and bottom detection efficiency as 95%, 60% 
and 35% respectively. 

To obtain Z' total width, we take M ~ 600 GeV for the exotic quarks and, 
for bileptons masses, we keep the constraints with Mz> given by Eqs. (13) 
and (25) for Models I and II respectively. For Model II it results in a very 
narrow resonance, while for Model I it appears broader, as can be seen in 
Figure 1. This scenario does not change, when we consider exotic quarks 
masses equal to 1 TeV, as can be seen in Figure 2. This happens because, in 
Model I, it is allowed for Z' to decay in bileptons. We can also observe that, 
only for Model I, there is a rapidly grow of T z> related to a big branching 
ratio for exotic quark pair production. 

Using the three above refereed final channels, we estimated bounds for M Z i 
with 95% C.L. for energy range from y/s from 0.5 TeV to 3 TeV corresponding 
to the proposed ILC and CLIC experiments. Our results for bounds from 
fl/i, cc and bb channels, are displayed in Figures 3, 4 and 5 respectively. 
For Model I, Eq. (15) leads to sin 2 9w < 1/4 (Landau pole). The energy 
scale corresponding to the Landau pole gives an upper bound for M Z i — 5 
TeV [21] • This bound is represented by horizontal lines in Figures 3, 4 and 
5. Landau pole analysis do not impose any upper bound for Model II. 
We observe that Model I gives lower bounds values than Model II for the 
three considered channels. Besides, lepton channel is less restrictive than the 
hadron channels. Having in mind the bound given by Landau pole analysis, 
we display in Table I our results for Mz< for y/s = 0.5 TeV and y/s = 3 TeV 
for both models. For Model I the maximum value of Mz> is around 5 TeV, 
but for Model II Mz> can be greater than 10 TeV. This result is usefull to 
disentangle the predictions from these 3-3-1 versions. We resume in Table 
II, the bounds obtained by other approaches. We conclude that there is a 
complete agreement between our energy dependent results with all bounds 
present in the Table II. 

To be more specific let us compare our results, with those obtained from an 
exhaustive analysis done in Ref. ^Hj. These authors do a x 2 fit with 95% 
C.L. between LEP parameters at the Z-pole and the predictions from three 
different quark representations of 3-3-1 models (A, B and C). They consider 
three degrees of freedom: the Z' mass, the mixing angle 9 between Z and Z' 
mass states and the (3 parameter. 

In our case, we work in the representation A, with (3 = — v3 (Model I) and 
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10° ■ 1 1 1 1 1 1 1 1 1 1 

1.0 1.4 1.8 2.2 2.6 3.0 

M z , (TeV) 

Figure 1: The Z' total width for Model I and Model II (considering exotic 
quark masses of the order of 600 GeV). 

(3 = — 1/V3 (Model II) and we do not consider any mixing between Z and 
Z' mass states. Below we present the reasons why our results, that covers a 
wide energy range, are in complete agreement with their constraints: 

• Model I and II do not allow M z > < 1 TeV, 

• Model I is excluded for M z , < 1.5 TeV, 

• both Models allow masses larger than 2 TeV. 

Ref. PH] displays the allowed region in sin# x (3 plane for some Z' masses. 
The allowed region always includes our zero mixing choice. They also present 
an allowed region in M z > x (3 plane for 10~ 3 > sin# > 10~ 4 . In spite of their 
small mixing, once again, our results are compatible with their bounds. 
One interesting byproduct of our analysis concerns the possibility for dis- 
entangle the proposed models. Let us apply the obtained bounds to go 
further in this analysis. It is clear that for -^i < 4 TeV there is no available 
phase space to produce a pair of on-shell Z' with M Z i = 2 TeV. However, 



10° ■ 1 1 1 1 1 1 1 1 1 1 

1.0 1.4 1.8 2.2 2.6 3.0 

M z , (GeV) 

Figure 2: The Z' total width for Model I and Model II (considering exotic 
quark masses of the order of 1 TeV). 

it is important to notice that the way we estimate Z 1 mass relies on sev- 
eral arbitrariness: statistical errors, systematic errors, detection efficiency, 
bin number selection, angular and energy cuts and so on. This way, in the 
following, we take a less restrictive value for Z' mass. For example, consid- 
ering M z > just below our bounds, say 1.5 TeV, the resulting cross sections 
for e + + e _ — > Z' + Z' are displayed in Figure 4, that also includes the 
dominant SM contribution for two Z production. From this graph, it is clear 
that only CLIC machine can produce a pair of such heavy neutral boson. For 
an annual integrated luminosity Cm = 500 fb _1 the number of events with 
two final Z' is O(10 2 )/yr for 3-3-1 models and O(10 A )/yr for two final Z in 
SM. 

In order to look at a possible signature of Z', we extend our analysis to 
e + + e~ — > e + + e~ + e + + e~ reaction within the same previous hypothesis. 
In the Model I, appart from Z' contribution, the new physics comes from 
double charged bileptons F ±=t . In this model, a copious production of two 
pairs of same-sign leptons is expected to occur due to the large bilepton- 
leptons coupling. In our recent work we obtained: 10 2 — 10 4 events 
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e + e -» (x + |x 



Model I 
Model II 



95%C.L. 



1.0 



2.5 



3.0 



1.5 2.0 
Vs (TeV) 

Figure 3: The lower bounds at 95% CL. extracted from the angular distri- 
bution of one muon relative to the beam direction versus y/s, for e + + e~ — > 
fi + + fi~ for Models I and II. 



for yfs = 1 TeV (276 GeV < M Y < 500 GeV and 1 TeV < M z > < 1.8 
TeV) and 10 3 events (500 GeV < M Y < 800 GeV and 2 TeV < M z > < 3 
TeV) for ^/i = 3 TeV. On the other hand, for Model II, the new physics 
for four fermions production comes only associated with Z'. The number 
of tree diagrams increases from 36 corresponding to SM contributions to 81 
diagrams for Model II. To obtain cross sections and distributions we use 
CompHep package j3U] due the complexity of the calculation. 
For the detector acceptance, we adopted an angular cut of | cos6*| < 0.995 for 
the direction of final leptons relative to the beam, and energy cut of 5 GeV 
for final leptons [2J E21 IHHj • To show the signature for Z' existence, we have 
also selected an invariant mass cut for final pair (e + e~), \M ee — Mz>\ — ^z'i 
where the Y z' widths are presented in Figures 1 and 2. 
For CLIC energy bigger than 3 TeV, it would be possible to produce four 
leptons from a pair of Z' with mass equal 1.5 TeV each. In this conjecture 
we obtain a total cross section a ~ 10 -6 pb, corresponding to a maximum 
0.5 events/yr, for C int = 500 fb _1 . Such small cross section shows that this 
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e + + e" -» c + c 

10.0 



8.0 

> 

t- 6.0 

N 

E 



4.0 



2.0 

0.5 1.0 1.5 2.0 2.5 3.0 

Vs (TeV) 

Figure 4: The lower bounds at 95% CL. extracted from the angular dis- 
tribution of one charm quark relative to the beam direction versus y/s, for 
e + + e~ — > c + c for Models I and II. 

process is not the best ground to study the contribution from Z' in 3-3-1 
models. On the other hand, four lepton production in linear collider gives 
a good signature for the bilepton existence as we have shown in a previous 
work for Model I pSj. 

4 Conclusions 

Working with two versions of 3-3-1 model, the minimal version and another 
that allows right-handed neutrinos, we explore energy ranges accessible in 
next linear colliders (ILC and CLIC) , = 0.5 TeV to 5 TeV. To obtain 
the lower bounds for Mz>, we perform a \ 2 fit of the difference between SM 
final lepton angular distribution and that predicted by the 3-3-1 models at a 
given energy in the process e + + e~ — > f + + f~, with / = //, c and b. The 
energy dependence of the bounds was determined within 95% CL. Our main 
result indicates that the Z' mass is larger than 2 TeV, in complete agreement 
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Vs (TeV) 



Figure 5: The lower bounds at 95% CL. extracted from the angular dis- 
tribution of botton quark relative to the beam direction versus y/s, for 
e + + — > b + 6 from Models I and II. 

with previous predictions shown in Table II. 

In addition, we show that, as the angular distributions depends on Z' cou- 
plings, the obtained bounds allow one to disentangle the studied models. We 
observe that the final channel with muons is less restricted than the hadron 
channel ones. For a unique representation for Models I and II, small Z' 
masses are excluded, and the bounds for Model I are lower than the ones 
from Model II. 

It is interesting to note that angular distributions are tools to reveal contribu- 
tions beyond SM only for large values of M z >. In this work, the lower bounds 
obtained reflects this fact. On the other hand, in a recent paper it was 
proved that 3-3-1 models can be realized also at low energy scales, showing 
up the effects of the new physics near the electroweak scale (M^/ ~ 300 GeV). 
However, angular distributions are not sensitive to new particles with small 
mass. In principle, the contributions to oblique corrections (S, T, U) and 
the dependence of some cross sections with the VEV's, can help to explore 
the proposed low energy scale for new physics |55j . 
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sfs = 0.5 TeV 


sfs = 3 TeV 




Model I 


Model II 


Model I 


Model II 




1.5 TcV 


2 TeV 




10 TeV 


c + c 


2 TeV 


2 TeV 




12 TcV 


6 + 6 


2.5 TcV 


2.5 TcV 




15 TcV 



Table 1: Lower bounds for Mz' for lepton and hadron channels at \fs = 0.5 
TeV and \/s = 3 TeV from Models I and II. 



10" 



10" 



e + + e" -> Z' + Z' (Model I) 

e + + e - -> Z' + Z' (Model II) 

e + +e ^ Z + Z(SM) 



^2 
Q. 

D 



10" 



10" 4 1 — — 1 — — 1 — — 1 — — — — ' — — 1 — — 1 — — — — 1 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
V s (TeV) 

Figure 6: Total cross section for e + + e~ collisions producing two neutral 
gauge boson against y/s for Models I, II and SM 
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Approaches 


M z , (Model I) 


M z > (Model II) 


S, T, U 


1.4- 2.2 TeV a ' fe 


> 1.2 TeV 


Z-pole 


> 1.8 TeV c ' d 


> 1.8 TeV c ' d , > 2.1 TeV e 


Landau pole 


0.8-5.2 TeV', > 1.4 TeV? 


— 


sin 2 9 W 


1.3-3.1 TeV h 




Muon decay 


1.3-3.1 TeV^ 




FCNC 


1.8-3.1 TeV j , < 2 TeV fc 


> 1 TeV' 



Table 2: Predicted bounds for M z i from different approaches: a [T7], b [TH], 

c [Eg, d |2Dl,e EU, / ESI, <? ESI, * EZj, j [23 , k E3], / E3- 

Appart from our main proposal to obtain energy dependent bounds on Z' 
mass, we have also performed a complete tree level calculation of four leptons 
production mediated by Z' in Model II, where there is no bilepton contri- 
bution. To do that, we applied angular and energy cuts for the detector 
acceptance and we introduced cuts in invariant mass and transverse mo- 
menta of final leptons to distinguish the signal from SM background. For 
Mz 1 = 1.5 TeV and y/s > 3 TeV, we obtained less than one event by year. 
We conclude that this process, when calculated in the model with right- 
handed neutrinos, does not give a clear signature for Z' production at CLIC. 
We intend to apply the present procedure for other possible 3-3-1 model 
versions like EE]- 
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